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Abstract 

All immunosuppressive treatments, either pharmacological or physical, have the potential to impair the skin immune system network of cells 
and cytokines, thus leading to an increased incidence of skin cancer. Since skin cancer in transplant recipients may show uncommon clinical 
features and have an unusually aggressive course, transplant patients should be strictly followed up by experienced dermatologists in order to 
diagnose and treat properly any skin cancer in an early phase. Importantly, due to the fact that sun exposure increases immunosuppression in 
the skin, patients should be clearly informed about the additional risk of sun exposure and the preventive measures to be taken. 
© 2005 Elsevier Ireland Ltd. All rights reserved. 
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1. The skin immune system and its alterations 
produced by immunosuppressive treatments 

It's now widely accepted that the skin is not only a pas- 
sive, mechanical barrier protecting the body from outside 
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dangers, yet it acts as a true peripheral immunological organ 
[1-4]. Hence, the definition of skin immune system (SIS) [1] 
and skin-associated lymphoid tissue (SALT) [4]. The skin 
includes virtually all the cell types present in "classic" sec- 
ondary lymphoid organ, such as the spleen, lymph nodes and 
tonsils. A network of dendritic antigen presenting cells (APC) 
is present throughout the skin: the CD la positive Langerhans 
cells (LC), which are located in the epidermis, and differ- 
ent subsets of dendritic cells (DC) in the dermis. It has been 
shown since recently that dermal DC express all the members 
of the CD1 family which includes CD la, b, c and the recently 
identified CD Id. This system is suitable for the presentation 
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of lipid and glycolipid antigens to T-cells [5] in addition to 
the MHC system which is suitable for the presentation of 
highly polymorphic peptide antigens. Among the APC fam- 
ily, which also include B cells and macrophages, DC have the 
unique capacity to induce primary immune responses. They 
are strategically located at the body boundaries (not only skin, 
but also mucosae), continuously sample the antigenic content 
of the microenvironment, and can present peptide antigens to 
T-cells [6], hence the definition of sentinels of the immune 
system. In peripheral tissues, these cells reside as imma- 
ture DC and, after encountering pathogens, they migrate to 
draining lymph nodes where, after full maturation, present 
antigens to antigen-specific naive T-cells eliciting primary 
immune responses [6,7] . The T-cells activated by DC migrate 
to sites of antigen capture, including the skin, in order to face 
with the antigen source-pathogens, but also tumours. DC not 
only elicit effective immune responses, but have many other 
relevant functions: induce immunological tolerance, regulate 
B cell proliferation, and drive the differentiation of T cells 
toward a Thl or Th2 response [6], depending on the DC 
subtype involved and on subtle differences in the microenvi- 
ronment at the time of antigen uptake and presentation [8,9]. 
Importantly, they also cross-talk with natural killer (NK) 
cells [10] and NK-T cells [11,12]. In conclusion, DC can 
orchestrate the entire complex of immunological responses. 
The SIS also includes T-cells, macrophages, and mast cells; 
although not members of the immune tissue in a strict sense, 
also fibroblasts, endothelial cells, and keratinocytes take part 
in the elicitation, action, and regulation of skin immune 
responses [2-4]. Most skin T-cells reside in the dermis, and 
only minor numbers in the epidermis where they are mostly 
represented by CD8+ T cells. The T-cell compartments can 
strongly increase in inflammatory conditions. 

The entire cell repertoire of the SIS is primarily dedi- 
cated to maintain the immunologic homeostasis of the skin 
and, as in other lymphoid organs, is deputed to innate and 
adoptive immune responses. Innate immune responses are 
non-specific and occur in a very short time; on the contrary, 
adoptive immune responses are specific, need some time to 
be induced, and switch on a long lasting memory. Some cells 
of the SIS or their precursors may also be involved in tissue 
homeostasis and repair as blood-borne, pluripotent stem cells, 
but the relationships between SIS, in particular the CD34 pos- 
itive DC subset, and so-called circulating fibrocytes needs to 
be further analyzed [13,14]. 

All immunosuppressive treatments, either pharmacolog- 
ical (e.g. cyclosporin, steroids, azathioprine, etc.) or phys- 
ical (ultraviolet irradiation either from natural or artificial 
sources: UVB, UVA, PUVA, etc.), can potentially impair the 
SIS defence capacity leading to an increased incidence of 
skin cancers. DC seems to be among the preferential tar- 
get cells of immunosuppressive pharmacological treatment. 
Recent evidence has shown that immunosuppressive treat- 
ment currently used in graft recipients can impair DC function 
[15-17]. Although cyclosporin A treatment seems to affect 
also the differentiation and function of LC [18,19], the exact 



impact of such a treatment on these cells is not yet clear [20] . 
In vivo studies have confirmed these data: it has been shown 
that graft recipients, renal and liver transplant recipients, have 
a reduced number of skin DC in sun-exposed areas compared 
to controls [21-23], and their function, as assessed by allo- 
antigen presenting capacity, can also be reduced [24] . High 
dose steroid treatment also affects the differentiation of DC 
and the function of APC, including that of LC [25-27]. 

It's tempting to speculate that the increased incidence of 
skin cancer in graft recipients, especially upon cyclosporin 
A-mediated immunosuppression, is at least in part related 
to impairment of skin DC. This would explain the selective 
sensitivity of skin to virus infection and tumour development 
which onsets dose-dependent in patients treated chronically 
with cyclosporin A as compared with those treated with 
other immunosuppressant agents [28]. However, other cells 
can also be affected under immunosuppressive therapy and 
hence, contribute to lower anti-cancer defenses. As shown 
for DC, kidney transplant recipients under immunosuppres- 
sive treatment have a decreased number of CD4 and CD 8 
T-cells [22]. Similarly, psoriatic patients under cyclosporin 
A and methotrexate therapy have a reduction in the number 
of T cells in psoriatic lesions [29]. Even NK cells have been 
shown to have functional defects in transplant recipients [30] . 

Among immunosuppressive therapy other than pharma- 
cological, special attention is deserved to the so called pho- 
totherapy, which includes different subtypes: ultraviolet-B 
(UVB) or UVA therapy; photochemotherapy, i.e. oral pso- 
ralen plus UVA irradiation (PUVA); photodynamic therapy; 
and extracorporeal photochemotherapy (photopheresis). It is 
well known that sunlight exposure can cause skin cancer in 
certain categories of workers, such as farmers and sailors. It's 
also established that UVB light is by far the main cause of 
this phenomenon [31,32]. Among the mechanisms induced 
by UVB, induction of DNA gene mutations is extremely 
important, but also direct depression of the SIS responses 
play a crucial role [33]. For this reason, UV radiation has 
been used as immunosuppressive therapy in several skin dis- 
eases [34], but also in allograft rejection and graft- versus-host 
disease [35-38] . In animal models, it has been shown that UV 
impair SIS; in particular, the application of strongly reactive 
haptens fails to elicit contact hypersensitivity when applied 
on UV-exposed skin [39], indicating that UV has a local 
immunosuppressive effect. Like other immunosuppressive 
therapies, UVB impair skin DC function through local and 
systemic, cytokine-mediated circuits [40-45]. However, they 
also have systemic effects: skin exposed to UV produces IL- 
10 [42], a well known systemic immunosuppressive cytokine 
which again preferentially targets DC [43,46]. 

2. Epithelial skin cancer (carcinoma) and oncogenic 
virus infection 

Several skin cancers can develop as a consequence of 
the immune system suppression induced in patients under 
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different therapeutical regimens. The most striking example 
is represented by transplant recipients, which often receive 
associations of heavily immunosuppressive drugs for a long 
time. Among all malignancies, non-melanoma skin cancers 
are the most frequent in transplanted patients, who show a 
very high incidence of squamous (SCC) and basal cell carci- 
nomas (BCC), as well as of actinic keratoses (AK), which are 
considered the precursor lesions to SCC and BCC, but they 
also can be regarded as true in situ SCC [47-51]. Very often 
skin cancers in transplant recipients show clinical aspects 
unusual in the general population: they may be highly aggres- 
sive and invasive [52], and may develop, particularly SCC, 
in a very short time; even AK progress more rapidly and 
frequently than normal into SCC, which in turn exhibits a 
stronger tendency to metastasize. 

Clinically, early SCC may often simulate benign kera- 
totic lesions. For this reason excisional or punch biopsies are 
strongly recommended. AK has been calculated to appear 
15 years earlier in average in transplant recipients than in a 
control population (55 versus 70 years) [53]. Among the dif- 
ferent solid organ transplant recipients, AK is more frequent 
in heart than in kidney or liver recipients [51]. Importantly, 
the risk of developing skin cancer is proportional to the 
length of immunosuppression: in a recent study, it has been 
observed that within the first 5 years from transplantation 
40% of patients develop precancerous skin lesions (AK), in 
situ malignancies (Bowen's disease), and invasive cancers, 
i.e. BCC and SCC [54]. Other studies have shown that in the 
first 10 years after transplantation the risk of developing skin 
cancer is around 14%, and increases to 40% after 20 years in 
comparison to a 6% cumulative risk in a control population 
[51,55]. Interestingly, this percentage raises to 45 and 70% 
after 1 1 and 20 years, respectively, in Australia. This suggests 
that sun exposure has a great influence on carcinogenesis in 
these patients [56], as it has been confirmed by other stud- 
ies [57-59]. This holds true particularly for SCC, which is 
often located on sun-exposed areas in contrast to BCC that 
can often develop also on the trunk. It's worth to mention 
that the SCC/BCC ratio is inverted in transplant recipients 
(SCC > BCC), while the opposite (SCC « BCC) occurs in 
the general population [56]. Jensen et al. [60] have cal- 
culated a 65-fold increase over the non-immunosuppressed 
general population in the risk for cutaneous SCC and a 20- 
fold increase in that for lip SCC in a total of 2561 kidney and 
heart transplant patients, with a significantly higher risk (2.9 
times) in heart than in kidney graft recipients. A prospective 
study by Fuente et al. [61] on 174 kidney transplant recipi- 
ents, with a median follow-up of 72 months, has shown that 
25.3% developed skin cancer, with a BCC/SCC ratio of 1 .4: 1 . 
The cumulative incidence of skin cancer was 13 at 3 years, 
27.5 at 6, and 48% at 10 years. These data are in line with 
those reported by another Australian group, as mentioned 
above [56], but are in contrast with those reported by an Ital- 
ian group that found a cumulative incidence of 9.7% at 10 
years [62] ; this last retrospective study was in line with other 
reports from Northern Europe countries, which show cumu- 



lative incidences varying from 4.8 to 16% at 10 years [63-66] . 
Once again, this confirms the great concausative role of sun 
exposure (occupational and, at a lesser extent, recreational) 
and genetic traits (Australian white population is mostly of 
Celtic origin) in the development of epithelial skin cancer in 
organ transplant recipients. 

Another important clinical consequence of immunosup- 
pression is represented by a high incidence of HPV-related 
skin lesions [67]. It's well known that HPV may play impor- 
tant role in the pathogenesis of skin cancer. This is confirmed 
by the presence of HPV DNA in skin cancers of these patients 
[68]. 

Viral warts are frequent in those same patients, and these 
lesions much frequently occur before the onset of skin can- 
cers. In transplant recipients, warts appear as numerous, 
keratotic, flat lesions that often degenerate in skin cancer 
(epidermodysplasia verruciformis). Virus infection and UVB 
exposure seem to be synergic in the induction of HPV- 
associated skin cancer [69]. 



3. Kaposi's sarcoma 

Kaposi's sarcoma (KS) is a vascular neoplasm consisting 
of slowly growing, spindle shaped endothelial cells express- 
ing endothelial and macrophage markers, mainly localized in 
the skin [70-72]. It can be divided into four different clini- 
cal variants, i.e., the classical or sporadic form described by 
Moritz Kaposi, which affects elderly people and is charac- 
terized by an indolent course; the endemic form, observed in 
Africa and Mediterranean area and two immune-depression 
related forms, namely the epidemic AIDS -related form and 
the post- transplant form [71]. This tumour is crucially related 
to a specific virus, the so-called Kaposi sarcoma-associated 
human herpes virus (KSHV) also known as HHV-8. This 
virus has been detected in KS tumor cells by molecular biol- 
ogy techniques and morphologically characterised by elec- 
tron microscopy studies [7 1-75] . Although more than 95% of 
lesions are infected by KSHV and the virus is crucial for KS 
development, immunosuppression is very important for clini- 
cal manifestation [7 1 ] . It seems that KS lesions develop as the 
result of a reactivation and/or replication of the virus, but in a 
few cases they may represent a consequence of primary infec- 
tion [76-78]. The seroprevalence of KSHV in blood donors 
is highly variable among different populations: it is 0.2% in 
Japan, raises to 10% in the United States, and peaks to 50% 
in certain African populations [71]. 

Clinically, early lesions of KS are macules or small 
plaques, reddish, blue or purple, that grow progressively and 
can coalesce to form large plaques or nodules. The preferred 
sites are the lower limbs, at a lesser extent the trunk, last the 
upper limbs. KS can also involve oral mucosa, in particular 
the palate, and extracutaneous organs, such as lymph nodes, 
stomach and duodenum. Less frequently it can affect the lung, 
liver, and heart. KS in transplant recipients is usually quite 
aggressive, and often involves extracutaneous sites, such as 
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mucosae, lymph nodes and visceral organs, with or without 
skin lesions [70]. 

Barozzi et al. [79] have shown that HHV-8 infected neo- 
plastic cells in post-transplant KS from five out of eight renal 
transplant patients contained genetic (as detected by single- 
cell PCR, microsatellite analysis and in situ hybridization) or 
antigenic markers (as detected by immunohistochemistry and 
double immunofluorescence) of their donors. In particular, 
among six females with KS developed after receiving organ 
trasplantation from a male donor, Y-chromosome markers 
and donor-derived microsatellite sequences were found in 
HHV-8 infected tumour cells from four patients. These data 
suggest that KS could originate from progenitor cells derived 
from organ donor, and that the tumour is likely to develop 
because of the state of immunosuppression of transplanted 
patients. In fact, the incidence of KS in transplant recipients is 
400-500 times higher than in the general population in USA 
(1 out of 200 transplanted patients) [70], while in Saudi Ara- 
bia, where KSHV is endemic, the percentage of transplant 
patients with KS raises to 5% [80]. Jensen et al. [60] have 
calculated a 84-fold increased risk for KS in a Norwegian 
population of kidney and heart transplant patients. The inci- 
dence of KS increases with duration of immunosuppressive 
treatment, with actually more than 5% of all de novo tumours 
in this group of patients being KS [70] . Similar to the other 
forms of KS, also in transplant recipients this tumour is more 
frequent in males. 

Treatment of post-trasplant KS depends on the extension 
of the diseases. In case of a few and small lesion, surgi- 
cal excision or physical destruction by electrodessication or 
cryotherapy are recommended. When the disease is more 
severe or localized to different areas, the treatment is more 
problematic: interruption or reduction of the immunosupres- 
sive regimen can lead to regression of the lesions, but is 
burdened by the loss of the graft in a considerable percent- 
age of patients [71,81]. While in kidney transplanted patients 
developing severe KS the cessation of immunosupressive 
therapy is a possible option because of the possibility to 
practice dialysis, in heart or liver transplants the therapy can 
only be dose-reduced. In case of no response to immuno- 
supressive therapy modification, a chemotherapy protocol 
with a single agent, such as vinblastine or vincristine or a 
combination protocol with doxorubicin, bleomycin and vin- 
cristine are recommended [81]. Unfortunately, however, the 
latter option can worsen the immunosuppression. In recent 
years, new, less immunosuppressive antiblastic agents like 
gemcitabin or liposomal doxorubicin are increasingly rec- 
ommended [81]. Another therapeutical option is represented 
by biological agents, such as interferon alfa, used either alone 
or in combination with antiretro viral therapy [71,81]. 

4. Melanocytic skin cancer (melanoma) 

Melanoma is a relatively common type of cancer in Cau- 
casians, and its incidence is increasing in the general popu- 



lation [82]. It's not clear whether the incidence of melanoma 
and its potential precursors, melanocytic naevi (MN), is 
increased in transplant recipients. There are some reports 
indicating that MN develop in high number in transplant 
recipients [83-86]. In particular, it has been reported that 
the mean total number of MN was significantly higher in 
renal transplant patients than in a control group [83]. The 
same study also indicated palms, soles, back and buttocks as 
the places where the increase occurred. In a kidney trans- 
plant recipient, an eruption of clinically atypical MN has 
been reported [84]. McGregor et al. [85] have described 
the development of numerous MN in an identical twin fol- 
lowing kidney transplantation, whereas no increase in naevi 
occurred in the other twin. However, these reports have not 
been confirmed univocally. Gulec et al. [87] did not find any 
difference in the number of MN between kidney transplant 
recipients and controls, and Andreani et al. [88] reported that 
the overall number of MN was not significantly increased in 
a group of allogenic bone marrow transplantation patients as 
compared with controls. However, also in this latter study 
a significantly higher number of MN was reported for the 
palms and legs compared to general population. Given the 
reported higher incidence of MN in children receiving organ 
transplants, Kanitakis et al. [89] analysed the proliferative 
capacity of MN in this group of patients in comparison to 
non-immunosuppressed subjects: they found that the prolif- 
eration rate of MN was not different between children with 
organ transplants and controls. 

Melanoma is one of the few cancers which are "immuno- 
genic", and the importance of the immune system to control 
this tumour is well known [90]. Conflicting data are available 
in the literature about melanoma and immunosuppressive 
treatment. From a series of reports, melanoma incidence 
in transplant recipients seems to be higher than in the 
general population, with a 2-10-fold increase in the risk 
[56,63,91,92]. However, no significant increase in the risk of 
melanoma was observed in another study [59]. Noticeably, 
histopathological analysis of the primary tumour, when 
available, has shown that in several cases of transplant recip- 
ients melanoma originates from a precursor naevus [91,92]. 
Transplant recipients who experienced melanoma prior to 
transplantation are at high risk of relapse according to a study 
published by Penn [93]. This author reported that among 
3 1 patients treated for melanoma before transplantation (30 
cutaneous and 1 ocular lesions), six patients (19%) had recur- 
rences post transplantation and died. Among these patients, 
three had been treated less than 2 years pre-transplantation, 
two between 2 and 5 years pre-transplantation, and one 10 
years pre-transplantation. This same study also reported the 
striking finding that 20 patients had received inadvertently 
an organ from 1 1 donors, containing undiagnosed metastatic 
melanoma. Among the 20 recipients, three patients never 
developed clinically evident melanoma, one had a local 
spread of melanoma beyond the transplant boundary, and 
16 developed metastatic melanoma. Among these last 
patients, 11 died of melanoma. In four patients, transplant 
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nephrectomy and cessation of immunosuppressive therapy 
resulted in complete remission. Recently, the inadvertent 
transplant of malignant melanoma from a single donor 
(of heart, liver, and two kidneys) into four recipients has 
been described [94]. The donor had no clinical history 
or evidence of melanoma. All the recipients developed 
metastatic melanoma within 1 year after transplantation 
and died of metastatic melanoma [94] . Since in these cases 
melanoma can be very aggressive, retransplantation can be 
a valuable therapeutic option, as shown in some patients 
who inadvertently received kidney and cardiac transplants 
from a donor found to have metastatic melanoma and then 
underwent successful retransplantation [95,96] 

Melanoma can develop de novo in transplant recipi- 
ents. The Cincinnati Transplant Tumour Registry (CTTR), 
based on 7192 grafts, reported that 177 patients developed 
melanoma after transplantation: among those patients, cuta- 
neous melanoma occurred in 164 patients, ocular melanoma 
in 5, and melanoma of unknown origin in 8 patients. In this 
study, melanomas represented 5.2% of skin tumours after 
transplantation, a figure which should be compared with 2.7% 
in the general population. The importance of immunosup- 
pression is stressed by the fact that cutaneous melanoma 
occurred even in 6 (4%) children, a group of patients that 
is usually not affected by melanoma, and 9 (5%) occurred 
in patients receiving bone marrow transplantation as part of 
a treatment for leukemia. In children receiving transplants, 
melanoma represented 14% of skin cancer while the corre- 
sponding percentage in adults is 5%; however, it should be 
considered that BCC and SCC are rare in children. Forty-four 
patients (27%) with cutaneous melanoma also experienced 
other skin cancers. Among the 177 patients with melanoma, 
56 died of their malignancy. Melanoma represented 4-10% 
of skin cancer in solid organ transplanted patients, while it 
was 60% in bone marrow transplanted, but in this group many 
were children in whom BCC and SCC are rare [93]. 

The relative risk of melanoma among transplant recip- 
ients has been calculated to range between 2 and 5 
[56,60,92,97,98]. Detailed data on the type and site of cuta- 
neous melanoma have been given by a French study on 1 2,477 
graft recipients, followed up for 5 years [92]. Seventeen 
(0.14%) patients developed melanoma, precisely 14 kidney 
and 3 heart recipients, with a mean interval between trans- 
plantation and melanoma excision of 63 months. Among the 
17 melanoma cases, 14 were cutaneous melanoma; among 
them, two developed on Hutchinson's lentigo, two were in 
situ melanoma, seven were superficial spreading melanoma, 
and three were ulcerated nodular melanoma. Two patients 
had mucosal melanoma: one on the glans penis and the other 
on anorectal mucosa. No clinical data were available for one 
patient. Similar to the general population, women developed 
melanoma preferentially on the lower limb and men on the 
trunk. The patients with ulcerated nodular melanoma and the 
one with anorectal melanoma died of metastatic melanoma 
after a mean of 15 months from excision. Interestingly, a 
patient who had lymph node metastasis was treated with inter- 



feron for 1 8 months with clinical remission for 2 years before 
a relapse. 

5. Lymphoproliferative disorders of the skin 
(primary cutaneous lymphoma) 

In addition to the reduced immune surveillance and 
direct oncogenic effect caused by immunosuppressive drugs, 
chronic antigen stimulation of skin-homing (CLA+) lym- 
phocytes caused by grafts may have a specific role in the 
development of lymphoproliferative disorders of the skin. 
The possible role of chronic antigenic stimulation in the 
development of primary cutaneous lymphoma is witnessed by 
the progression to lymphoma from lymphoid reactive hyper- 
plasia due to known stimuli-tattoo [99] and specific immune 
therapy [100]. 

Generally speaking, transplant recipients often develop 
lymphoproliferative disorders, with a relative risk estimated 
between 28- and 49-fold [101]. These disorders are pre- 
dominantly, but not exclusively, related to Epstein-Barr virus 
(EBV) infection [102]. Primary cutaneous B-cell lymphoma 
occurs more frequently than T-cell lymphoma, which is rare 
[103]. The issue of primary cutaneous T-cell lymphoma 
related to immunosuppression is extensively dealt with in 
another chapter of this issue. 

6. Neuroendocrine skin cancer (Merkel cell 
carcinoma) 

In addition to SCC and BCC, other rarer skin cancer, 
such as Merkel cell carcinoma (MCC) may have an increased 
frequency [104-115]. MCC is a rare, aggressive cutaneous 
malignancy of neuroendocrine origin, that usually affects the 
head, neck and extremities of elderly patients. According 
to the Cincinnati Transplant Tumor Registry, MCC is not 
so uncommon in transplant recipients. Forty-one cases have 
been reported by Penn et al. [115], and many other cases, 
single or in small groups, have been described [104-1 15]. As 
mentioned above, MCC generally affects elderly people in 
the general population; on the contrary, in transplant recipi- 
ents the mean age at diagnosis was 53 years, and the tumour 
appeared a mean of 91 months after the transplant. The 
sites involved are mainly the head, neck and upper extrem- 
ities, as in the general population, although the trunk and 
lower extremities can also be involved. The importance of 
immunosuppression is shown by the fact that approximately 
50% of these patients had experienced other skin cancers. As 
observed for other skin cancers, MCC in transplant patients 
have the tendency to be more aggressive than in the gen- 
eral population: the incidence of lymph node metastases 
(68%) and mortality (56%) are significantly high. Accord- 
ing to the largest report, the mean follow-up of surviving 
patients was only 18 months and one third was still suf- 
fering of MCC, therefore the incidence of mortality may 
have further increased [115]. Similar to MCC in the general 
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population, therapeutic options include wide surgical exci- 
sion, lymph node dissection, radiotherapy and chemotherapy. 
When possible, decrease of immunosuppressive therapy is 
also recommended. 

Coexistence of multiple tumours has emerged from a study 
performed in the United States by the Surveillance, Epi- 
demiology, and End Results programme (SEER): six patients 
with melanoma and MCC have been reported among trans- 
plant recipients [112]. Also this report suggests an increased 
tumour aggressiveness due to immunosuppression [112]. 

7. Rare skin cancers 

Uncommon tumours, such as sarcoma also seem to occur 
at increased rate in transplant recipients [114]. A case of 
locally invasive dermatofibrosarcoma protuberans (DFSP) 
has been described in a kidney transplant recipient 4 years 
after successful renal transplantation [116]. Another case of 
DFSP has been described at the site of an arteriovenus fistula 
in a renal recipient [117]. 

A report on a cohort of 642 renal transplant recipients sug- 
gests an elevated incidence of cutaneous malignant fibrous 
histiocytoma and atypical fibroxanthoma in renal transplant 
recipients [118]. Atypical fibroxanthoma has usually an indo- 
lent behaviour, but may be aggressive in transplant recip- 
ients, with relapse after excision and destruction of large 
vessels [119]. The treatment schedule may require multiple 
excisions and re-excisions and the reduction of the immuno- 
supprerssive therapy [120]. A cutaneous angiosarcoma has 
been diagnosed in a kidney transplant recipient, with sev- 
eral violaceous nodules surrounded by reddish/purple macule 
on the scalp [121]. A wide surgical excision was followed 
by local radiotherapy and a short-term immunotherapy with 
systemic interleukin-2. The patient remained tumour- free 
for 15 months after radiotherapy, but eventually died of 
lung metastases. Other rare tumours of the skin reported 
in transplant recipients include fibrosarcoma, liposarcoma, 
rhabdomyosarcoma [122], sweat gland carcinoma [123], and 
syringomatous carcinoma [124]. 

8. Conclusions 

Since skin cancer in transplant recipients may have 
uncommon clinical features and a more aggressive course 
than in non-immunosuppressed subjects, transplant patients 
should be followed up regularly and strictly by experienced 
dermatologists in order to identify and treat any skin cancer 
in an early phase. Additionally, as tumours which are gen- 
erally rare in the general population have a higher incidence 
in transplant recipients, total excision or punch biopsy fol- 
lowed by histological analysis of any suspicious lesion are 
recommended. 

As discussed above, sun exposure increases immuno- 
suppression in the skin, and most pre-cancer lesions and 



SCC occur in sun exposed area, such as the face, hands 
and forearms. Therefore, the patients should be offered full 
informations on the additional risks of sun exposure. This 
latter should be avoided as much as possible, and strict sun- 
protective measures have to be taken, i.e. avoiding or at least 
drastically reducing the time of sun exposure, wearing appro- 
priate clothes, and using a total block sunscreen. 

Early treatment of pre-cancer lesions should include 
topical retinoids (tretionin, tazarotene, adapalene), but also 
topical application of 5-fluorouracil, diclofenac, and immune 
response modifier, such as imiquimod [125,126]. In addition, 
physical measures, such as cryotherapy, lasertherapy and 
electrodes sication may be used. In the experience of Fuente 
et al. [61], none of the patients suffered from metastases 
or local relapses of the skin cancer thanks to strict follow 
up. It should, therefore be proposed that dermatological 
consultation should be made on a regular basis as an integral 
part of the long-term follow up schedule for these patients. 
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